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Over half of all harvested fish in Nigeria goes to waste on an annual basis due to poor post-harvest handling, preservation, and processing. This is because once fish dies, there is an inevitable natural deterioration that immediately commences (Adekoya and Miller, 2004; Akinneye et al., 2007; World Bank, 2012; NBS, 2013) . In order to slow down this spoilage process, preservation or processing techniques are usually carried out. Preservation techniques such as freezing and icing are however not very common in Nigeria due to unstable power supply and thus processing with the use of Traditional Drum Kiln (TDK) is favoured because of its relatively low cost and ease of use (Eyo, 1992; Okonta and Ekelemu, 2005; Obodai et al., 2009; Kumolu-Johnson et al., 2010) . Traditional Drum Kiln is made from a large cylindrical drum with an aperture cut out at the base to accommodate burning fuel, oftentimes wood. The top is also cut off and one or more wire racks placed on top of the drum for hot smoke-drying between 60 0 to 120 0 C (Clucas, 1990; Abolagba and Melle, 2008) . Major challenges often encountered with the use of TDK however is the lack of standardization of smokedried fish product because there are no regulated smoke-drying temperatures when processing; there is also the risk of TDK easily catching fire and thus negatively affecting the quality of the smoke-dried fish product because the fish being processed is placed directly above the source of heat for the smoke-drying process.
The aim of this study was to determine the drying profiles and assess the sensory and shelf-life attributes of smoke-dried catfish when stored at ambient and adjusted temperatures using Traditional Drum Kiln (TDK) and a new Ecologically Friendly Kiln (EFK).
MATERIALS AND METHODS
Both the Traditional Drum Kiln (TDK) and Ecologically Friendly Kiln (EFK) used for this study were constructed and assembled at the Instrumentation Unit of the Department of Physics, University of Lagos.
Construction of Traditional Drum Kiln (TDK):
TDK was constructed from a cylindrical metal drum as is often used in fishing villages where fish processing is done by smoke-drying. The metal drum had dimensions of 72 cm height, 187 cm circumference, and 55 cm diameter at the open top. A circular opening of diameter 36 cm was carved out at the bottom and served as the vent through which wood fuel was arranged and burned to supply heat. A circular wire rack with a diameter of 76.5 cm and mesh size 6 cm X 6 cm was placed on top of the traditional drum and served as the fish drying tray on which the fresh catfish was arranged for the smoke-drying process. The assembled kiln was then placed on a flat rectangular iron base with dimensions 106 cm X 57.2 cm X 1.8 cm for the smokedrying process in order to protect the cemented floor from cracking from the heat generated when smoke-drying. The fully assembled traditional drum kiln is presented in Plate 1.
Plate 1: Fully Assembled Traditional Drum Kiln

Construction of Ecologically Friendly Kiln (EFK):
EFK was built with a carrying capacity of about 20 kg. Two smoke filters with diameters 0.1 cm and 0.3 cm (Plates 2a and b) were used in three combinations for this study namely 0.1 cm smoke filter in two layers, 0.3 cm smoke filters in two layers and 0.3 smoke filters in four layers. The EFK comprised three parts; the drying, the flame, and the electronic chambers. The Drying Chamber: The drying chamber was constructed by fortifying a metal iron mesh with lagging material (refractory) made up of a composite mixture of clay, sawdust, and silicon carbide in the ratio 4:2:0.5. A fish drying stand with three layers was placed in the drying chamber for smoke-drying and a smoke outlet made out of a cylindrical rod of 18.9 cm length and 8.4 cm diameter was built on the side away from the smoke-processor. The drying chamber was fitted with a parabolic dome-shaped cover of diameter 68 cm with the convex side facing the inside. The outer side of the cover and the body of the drying chamber was then covered with a thick paste of lagging material, cemented and then allowed to dry naturally before use.
The Flame Chamber: The flame chamber was constructed by assembling red bricks in a staggered manner in order to give room for expansion when smoke-drying. The fortification was done with four iron rods with dimensions 93.2 cm length and 4.5 cm diameter inserted at the four corners of the flame chamber. The brick walls were then coated on the inside and outside with the refractory material to seal in most of the heat generated from the heat source and allowed to dry naturally and then cemented. An aperture with dimensions 29.6 cm X 16.8 cm was made at the front to serve as inlet for firewood which was the source of fuel. Smoke filter layers were placed at the back where the flame chamber joined with the drying chamber. The fully assembled flame chamber had dimensions of 93.1 cm X 77.5 cm X 85.2 cm. A flat iron plate 78.4 cm X 56.6 cm was placed on the flame chamber and twenty-one refractory bricks each with dimensions 23.4 cm X 11.3 cm X 5.1 cm were then placed on the flat iron plate placed Ogunbambo, Mutiat Mogbonjubola .
150 on the flame chamber to seal in most of the heat generated from the heat source. The Ecologically Friendly Kiln (EFK) as used for this study is presented in Plate. 3.
Plate 3: Constructed Ecologically Friendly Kiln (EFK)
The Electronic Components: The electronics of the Ecologically Friendly Kiln (EFK) entailed the building of an electronic control system to guide in the maintenance of an optimum temperature range of 60 -85 0 C within the drying chamber (Clucas, 1990) . The electronics for this study composed of temperature sensor built as a small metal nub that transferred heat to an audio alarm that made no noise, a beeping sound or gave a loud alarm at less than 60, 60 -80 and above 85 0 C respectively, visual Light Emitting Diode (LED) indicators were powered by one 9V battery and consisted of red, blue and green lights which stayed off, blinked with a second interval or stayed on according to temperature range.
The following parameters were measured during the smoke-drying process: average smoke-drying temperature on an hourly basis, weight loss on an hourly basis, percentage weight loss during smoke-drying and the drying profile of each smokedrying kiln.
Sample Collection, Preparation, and Smoke-drying Process:
Clarias gariepinus were obtained live from the Aquaculture Unit of the Department of Marine Sciences, University of Lagos, stunned with a wooden club, washed with clean pipe-borne water and then arranged on covered metal racks to drain. The freshly prepared fish was not seasoned in any way and were then arranged in both TDK and EFK before smoke-drying at a temperature range of 60 -85 0 C maintained with the aid of temperature alarm and Visual Light Emitting Diode. The fish were measured on an hourly basis until a fairly constant weight was achieved, lasting an average of 24 ± 3 hours using both kilns.
Drying Profile Determination:
The drying profiles of Traditional Drum Kiln (TDK) and Ecologically Friendly Kiln (EFK) was calculated by plotting the average weights of the smoke-drying catfish in both kilns against time. This was done on an hourly basis of the total time spent smoke-drying the catfish.
Sensory and Shelf Life Evaluation:
The smoke-dried Clarias gariepinus fish samples from each kiln were divided into two, one set was kept in wire cages and stored at ambient temperature of 28 0 C in a laboratory while the other set was kept in a refrigerator adjusted to 14 0 C with the aid of a Uniscope Mercury in Glass thermometer. There were thus four sets of samples labeled Traditional Drum Kiln Ambient Temperature (TDK1), Traditional Drum Kiln Adjusted Temperature (TDK2), Ecologically Friendly Kiln Ambient Temperature (EFK1) and Ecologically Friendly Kiln Adjusted Temperature (EFK2).
The sensory or organoleptic evaluation and the shelf life assessment of the four sets of smoke-dried samples were based on a 10-point hedonic scale with 10 = excellent, 8 = good, 6 = fair, 4 = poor and 2 = bad and collected with the use of questionnaires. The samples were physically assessed once each week on the same day and time by a 10-man panel. This was done for six months of rainy season and then again for six months in dry season in Lagos Nigeria (Eyo, 2001; Odekunle, 2004; Ikenweiwe et al., 2010) .
Statistical Analysis:
Data for weights of samples plotted against time were presented as averages while all data for sensory and shelf-life analyses were presented as means ± standard error (SE) while analysis of variance (ANOVA) was set at 0.05 level of significance while Duncan multiple-range test (DMRT) and T-test were carried out using Excel, PAST 3 and SPSS 20.0 software
RESULTS
Drying Profiles and Weight Loss of Clarias Gariepinus Smoke-Dried using Traditional Drum and Ecologically Friendly Kiln Fitted with Different Smoke Filters:
The smoke-dried catfish samples showed rapid weight loss of an average of 50 % in the first five (5) hours using both TDK and EFK as shown in Figures 1 and 2 . The smoke-drying process, however, had to be stopped at eighteen hours using TDK as the catfish samples had become very brittle and were starting to disintegrate. The highest clogging of the smoke filters was found with EFK using combination of two layers of 0.1cm smoke filters and the least clogging was found in EFK using combination of two layers of 0.3cm smoke filters.
Sensory and Shelf Life Evaluation:
The results of the sensory and shelf life analyses of catfish samples stored at ambient and adjusted temperatures in wet and dry seasons using EFK and TDK are as presented in Table 1 .
The 10-man panel rated the catfish samples smoke-dried using Ecologically Friendly Kiln higher than catfish samples smoke-dried using Traditional Drum Kiln when the processed samples were stored at ambient and adjusted temperatures in both wet and dry seasons. Lower mould growth values were however found in catfish samples smoke-dried using EFK as against TDK when the samples were stored at ambient and adjusted temperatures in both wet and dry seasons. There was a significant difference in the appearance of the smoke-dried catfish when stored at ambient and adjusted temperatures in wet and dry season. There was also significant difference in the odour and taste of the catfish samples only in the dry season when stored at ambient and adjusted temperatures and no significant difference was observed in the mould growth of the catfish samples at both temperatures and during both wet and dry seasons. 
DISCUSSION
Smoke-dried fish is an integral part of the diet of many Nigerians and processing by smoke-drying is the main source of income for many people, especially in rural areas. The challenge of standardization of the smoke-drying process was eliminated in this work by maintaining the smoke-drying temperature between 60 and 80 0 C in both TDK and EFK (Clucas, 1990) . This was achieved with the aid of electrical components that sent simple colour and sound signals to notify the processor of the temperature range at which the catfish samples were being smoke-dried.
The direct exposure of the smoke-drying fish and fish processor alike to the flame and smoke generated from smoldering plant materials is a major challenge with the use of TDK and has negative health implications such as eye inflammation for the fish processors. This challenge was ameliorated by constructing Ecologically Friendly Kiln (EFK) with two chambers namely the flame chamber where the fuel was arranged for the smoke-drying process and the drying chamber where the fish were arranged to be smoke-dried. The fortification on the outside of the drying chamber ensured that excess heat was not lost and agreed with the work of Ashaolu (2014) who built a kiln in the form of a cabinet from galvanized sheet metal with lagged insulator but disagreed with the work of Ikenweiwe et al., (2010) who built an improved smoke-drying kiln which was not insulated against excessive heat loss. EFK, however, had the advantage over Ogunbambo, Mutiat Mogbonjubola .
154 the work of Ashaolu (2014) in that the structure of EFK is similar to what local fisher folks are accustomed to and as such adoption would be easier. The drying profiles of TDK and EFK fitted with 0.1cm smoke filters in two layers, 0.3cm smoke filters in two layers and 0.3cm smoke filters in four layers all showed a general rapid loss of moisture in the first six hours before tapering off as the time progressed. This is in conformity with studies by Bolaji, (2005) and Davies and Davies, (2009) who stated that the higher the temperature from the heat source when smoke-drying fish, the faster the evaporating process thereby increasing the smokedrying rate. The process of smoke-drying the catfish samples with TDK was stopped after twenty-one hours because the catfish were deeply coated with smoke particles, the moisture loss at this time averaging 76%. This finding is in line with the work of Obande et al., (2012) who in their study of the nutritive values of Clarias gariepinus using the traditional drum kiln found that when the catfish was smoke-dried at a temperature of 500 0 C for twenty-four hours, there was an average moisture loss of 73.58%.
The smoke-drying process using Ecologically Friendly Kiln with different combinations of smoke filters was done for about twenty-four hours and achieved an average moisture loss of 79%. The use of 0.1cm smoke filters in two layers fitted in EFK showed the poorest drying profile followed by EFK fitted with 0.3cm smoke filters in four layers. This could be attributed to the smoke filters being highly clogged by smoke particles which prevented the easy passage of heat to the smoke-drying catfish samples. The drying profile in terms of percentage weight loss with time was best with the Ecologically Friendly Kiln fitted with two layers 0.3cm smoke filters and could be attributed to the fact that the diameter was just big enough to allow smallsized smoke particles and the layers being only two prevented heavy clogging as was evidenced with EFK fitted with four layers of 0.3cm.
The sensory evaluation of appearance, odour, taste and flavour as determined by the 10-man panel used for this study showed that all the catfish samples smoke-dried using both kilns were of good quality and could be attributed to the standardization of both TDK and EFK used for the smoke-drying process which increased the sensory and shelf life values by maintaining smoke-drying temperature between 60 -80 0 C. These findings were in agreement with the work of Olayemi et al., (2011) who carried out a sensory evaluation of smoke-dried catfish using Nigerian Stored Products Research Institute (NSPRI) developed kiln and also found high average ratings for smell, texture, colour, taste and general acceptance respectively. The values were however mostly significantly higher in smoke-dried catfish samples smoke-dried using Ecologically Friendly Kiln and can be attributed to the separation of the drying chamber from the flame chamber and also the smoke filters used in EFK. The panelist found the smoke-dried catfish samples still acceptable for human consumption at seven weeks using TDK and nine weeks for EFK, disagreeing with the work of Daramola et al., 2013 who found a disagreeable colour change by week six when catfish samples were smoke-dried using TDK.
The shelf life quality was determined by the panel based on the presence of visible mould growth. Catfish samples smoke-dried using EFK were assessed lower on shelflife quality. This could be a result of the separation of the flame and drying chambers and also the use of smoke filters to prevent excessive soot deposits on the catfish samples though making the smoke-drying process a little longer but more thorough. The smoke-dried samples assessed for this work stayed fresh for at least seven weeks, disagreeing with the work of Abolagba et al., 2011 who considered the smoke-dried catfish in their study unfit for human consumption at three weeks.
